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SPECIFICATION 

COMPUTER-SUPPORTED METHOD FOR PARTITIONING AN 



In circuit simulation of very large circuits, i.e. of circuits having a great 
plurality of elennents, a serial processing, i.e. the determination of the circuit 
quantities by a computer, is extremely time-consuming. Even vector 
computers that are very expensive in terms of operation have an immense 
need of calculating capacity and time for determining the electrical 
descriptive quantities for a circuit that comprises a few 100,000 transistors. 

In order to avoid the serial implementation of a circuit simulation for 
this reason, the electrical circuit can be divided into a plurality of parts that 
are then respectively processed by different computers or, respectively, 
processors, this leading to a parallel implementation of the circuit simulation. 

In order, however, to achieve an optimally good parallelization of the 
determination of the electrical descriptive quantities for the electric circuit, it 
is advantageous to consider the following twq crijeria in the partitioning of the 
electrical circuit into a plurality of parts.^^^of Mn^erable significance that 

A 

all partitions of the electrical circuit that are formed are of the same size 
insofar as possible, in order to thereby intensify the effect that can be 
achieved by the parallelization. When, for example, one partition is orders 
of magnitude larger than the remaining partitions, then the processing of the 
significantly larger partition is in turn far more calculation-consuming then the 
processing of the remaining partitions, ^rairae^nt is important in the 
partitioning that only a slight plurality of connections exists between the 
individual partitions insofar as possible since, in known methods for 
"parallelized" circuit simulation, the required transmission capacity, i.e. the 
required communication between the computers or, respectively, processors 
that respectively process one partition, increases substantially with an 
increasing number of existing connections between the partitions. 
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A language foj^textual d^cription of an electrical circuit that can be 
processed by a computer iR^||^n0W P fr-Qn vri nrM ni P> nt [1] a ^wiirruit simulation 
language SPICE. 

yj^cum e nts- [2 j-afi# 4Sj' describe how a parallelized circuit simulation 
5 can be implemented, assuming an arbitrary number of partitions of the 

electrical circuit exist. The way in which the partitions can be determined is 
not described in these documents. 

/j^etH=ReRt44J- discloses a global partitioning method on what is 
referred to as the logic level, which is also referred to as gate level. 
10 Discrete events are described on the logic level, but no steady 

dynamic property of an electrical circuit on what is referred to as the 
transistor level, i.e. on the actual physical level of the electrical circuit, can be 
described with these. 

The results of a circuit simulation that ensues on the logic level is thus 
15 unreliable and imprecise for certain applications since an exact time course 

of the electrical signals that occur in the electrical circuit cannot be taken into 
consideration. 

Further, a description of the individual gates is required for the circuit 
simulation, this having to be determined first before the method can be 
2 0 implemented. 

An overview of various partitioning rules can be found in 



A parallelized method for clustering an electrical circuit a'^ording to 



what is referred to as the bottom-up principle is disclosed by4@Jr , 
cA^ ^ Tbe4»eiQ^4^!^&w8^ Dased on the proDTem of specifying a 



the proDTefh of specifying a method 
f] 2 5 for partitioning an electrical circuit that directly considers the elements of the 

electrical circuit on the transistor level. 

y^iDie-43aiihlenU^ 1 . 

In the method, the electrical circuit is imaged onto a graph that 
exhibits the same topology as the electrical circuit. The edges of the graph 
3 0 are weighted with weighting values that describe in approximately required 

calculating outlay for determining electrical descriptive quantities for the 
element of the electrical circuit respectively represented by the edge. A 
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partition for the electrical circuit is formed in the graph in that edges coupled 
with one another are combined to form the partition at the beginning of the 
method until the sum of the weighting values of the combined edges is 
greater than a first, prescribable threshold. When the first threshold is 
reached, the partition is then respectively expanded by further, remaining 
edges when the sum of the weighting values of all edges, including the 
edges to be potentially newly added, is smaller than a prescribable, second 
threshold, and when the plurality of edges of the partition that are connected 
to nodes that do not lie within the partition is reduced by the addition of at 
least one new edge. 

The method exhibits a number of substantial advantages compared 



to the method disclosed by^w^tm^ef^^^f- 

Since the method works directly of the transistor level of the electrical 
circuit, the results achieved by the method are substantially more exact and 



dependable given a later circuit simulation 
that have been iaventtvely determined.' 
/lAfiA/antagpntJR 
^s— 




fttof the partitions 
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For prescribable elements of the electrical circuit, it is advantageous 
to determine at the beginning of the method that the elements are grouped 
in common into a partition. As a result of this development of the method, 
it becomes possible to assure that, for example given controlled sources, 
both the controlling elements as well as the controlled source can be 
processed in common in one partition. This development also makes it 
possible to likewise allocate connecting leaps in the electrical circuit that only 
comprise at least one voltage source and/or at least one inductance in 
common in one partition. This procedure also makes it possible to avoid 
shorts that may potentially occur due to the partitioning. 

Due to the development of the method that a plurality of edges of the 
graph have a common weighting value allocated to them, the implementation 
of the method is further accelerated by a computer since, given this 



development, a lower number of weighting values must be taken into 
consideration during the course of the method. 

It is also advantageous to form a plurality of partitions for the electrical 
circuit, to again image the corresponding graphs of the partitions onto the 
5 electrical circuit for the partitions, and to process the arising partitions of the 

electrical circuit in parallel on different computers or, respectively, 
processors. As a result of this parallelization, a circuit simulation of an 
extremely large circuit can be implemented significantly faster then given a 
purely "serial" circuit simulation. 

10 It is also advantageous in the parallelized circuit simulation, to control 

the processing of the individual partitions centrally. In this way, a controlled 
circuit simulation is realized with optimally low communication outlay. 

It is also advantageous to additionally provide the individual terminals 
of the partitions that are coupled to components that do not lie in their 

15 partition with a voltage source and a resistor, whereby the voltage source 

has the electrical boundary descriptive quantities respectively allocated to it 
by a central control unit that controls the parallelized processing of the 
partitions. As a result of the resistor that is respectively provided in the 
terminals, the convergence of the circuit simulation is assured during the 

2 0 parallelized circuit simulation, the value thereof being dynamically adapted 

by the control unit. 

/^ Jh o- F i gur - e s-sh ow - Qn - e x e ro p l a py-^mbodlmenl^ 
explained in,greater_detailiielQw. 

2 5 Fig. 1 a flow chart wherein the individual method steps of the method 

are shown; 

^Fia. a sketch that shows various developments of the method. 

^ B e ctr t ca l circuits that comprise an extremely great plurality of 
elements can be parallelized into an arbitrary plurality of partitions and a 

3 0 processing of the individual partitions on different computers or, respectively, 

processors that implement a circuit simulation. The implementation of the 
overall circuit simulation can thus be considerably speeded up. 



In order for the parallelization, however, to be designed as optimally 
as possible, the individual partitions nnust be carefully defined. 

It is thereby important, first to make sure of an approximately uniform 
size of the partition and, second, to make sure that the individual partitions 
do not comprise an excessively great plurality of terminals "toward the 
outside", for example couplings to other elements not lying in the partition. 

Electrical circuits for processing within the framework of a circuit 
simulation by a computer are usually present in a circuit description language 
101, for example in what is referred to as the language SPICE, which is 
described inyfhe-doetrment-fl^ 



The method, however, is definitely not limited to a description of the 
electrical circuit in a circuit description language and is likewise not limited 
to the ernpk)yment of the specific circuit description language SPICE. 



that exhibits the same topology as the electrical circuit. This ensues, for 
example, proceeding from the electrical circuit present in the circuit 
description language SPICE. The graph comprises the corresponding nodes 
corresponding to the topology of the electrical circuit. The individual 
elements of the electrical circuit are represented by edges between the 
nodes of the graph. 

It is advantageous in a development of the method to mark individual 
elements of the electrical circuit at the beginning of the method, i.e. to 
determine for the corresponding, marked elements that the marked elements 
are respectively allocated in common to one partition in the further method. 
Various markings can assign various elements to different partitions. It is 
also provided to mark elements only in a way that is interpreted such by the 
computer that implements the method that the respectively paired elements 
are allocated to one partition. 

It is thereby advantageous, for example, to take the following specific 
instances of an electrical circuit into consideration. When an electrical circuit 
contains controlled sources, for example controlled current sources or 
controlled voltage sources, then it is advantageous that both the controlling 
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elements as well as the controlled source are contained in common in one 
partition for the later circuit simulation. 

It is further advantageous to likewise allocated coupled inductances 
to a common partition. It is also important to take into consideration in a 
development of the method that no shorts dare occur due to the partitioning 
and the algorithmic processing thereof with a computer. 

In a further step 103, weighting values G are allocated to the edges. 
The weighting values G describe what calculating outlay is approximately 
expected for determining electrical descriptive quantities for the respective 
element of the electrical circuit that is represented by the edge to which the 
weighting value G is respectively assigned. 

One criterion for the required calculating outlay is to be seen, for 
example, in the plurality of code lines required for determining the electrical 
descriptive quantities for the respective, specific element within the 
framework of the circuit simulation. It should be noted here as a rough rule 
that the determination of the electrical descriptive quantities for transistors 
is substantially greater than the outlay for determining the electrical 
descriptive quantities for an electrical resistor or for a capacitor as welj. The 
selection of the weighting values G, h o we ve x ,^^^^iM^ i^^^^x^^ 
merely represents an approximate size relationship of the required 
calculating outlay. It is even adequate to allocate a high weighting value G, 
for example, the weighting value G = 300 to, for example, an edge that 
represents a transistor and to allocate a low weighting value, for example a 
weighting value G =1 or even a weighting value G = 0, to the edges that 
represent a resistor or a capacitor. 

What are to be understood as electrical descriptive quantities in this 
conjunction are, for example, the corresponding currents and voltages of an 
element of the electrical circuit. 

A first iteration loop implemented thereafter contains the following 
methoAsteps. 



first iteration loop. However, it is likewise provided in one version of the 




arbitrary edge of the graph is selected 104 at the beginning of the 



method to select an arbitrary plurality of edges of the graph coupled to one 
another in this method step, as a result whereof the number of required 
iterations in the first iteration loop 105, 106, 107 is substantially reduced. 
Two method steps 106, 107 described later are implemented, proceeding 
from the selected edge or, respectively, proceeding from the set of selected 
edges, until the first sum value SW1 is greater than a freely prescribable, first 
threshold SI. 

The first sum value SW1 is formed for respectively at least one new 
edge that was not contained in the set of considered edges from the last 
iteration or, respectively, that was not contained in the selected set of edges 
at the beginning of the first iteration loop. The first sum value SW1 is 
formed, for example, by summation of the weighting values G of all of the 
edges that are utilized 106 for the formation of the first sum value SW1 . 

When the first sum value SW1 is not greater then the first threshold 
SI, a partition of the electrical circuit derives from the edges that were 
utilized 107 for the formation of the first sum value SW1, and the method 
steps of the first iteration loop are re-implemented, now with the "new" 
partition. 

When, however, the first sum value SW1, is greater then the first 
threshold SI, then the partition formed in the iteration step preceding in time 
is employed, and method steps of a further, second iteration loop are 
implemented for the partition that is formed. / 



Proceeding from the respective partition, the following method step^ 

are implemented l^in each iteration step of the second iteration loop for 

at least a part of the remaining edges of the electrical circuit. What is to be 

understood by a remaining edge in this context is an edge that is not already 

contained in the partition itself and that is coupled to an edge that is 

contained in the partition, for example via a node in the partition. 

A second sum value SW2 is formed.109 from the weighting values of 

/I 

the partition and the weighting values of at least one additional, remaining 
edge. This ensues, for example, by simple summation over the weighting 
values G allocated to the corresponding edges. 
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A check is now carried out to see whether the second sum value SW2 
that has been formed is greater than a freely orescribable, second threshold 
S2 that is higher than the first threshold S1^0. 

When the second sum value SW2 is greater then the second 
threshold S2, then this means that the partition is larger than a prescribable 
region that can be tolerated. A tolerance region for the size or, respectively, 
for the maximum required processing outlay that can be tolerated in the 
circuit simulation of the respective partition is thus described by the first 
threshold S1 and by the second threshold S2. 

When, thus, the second sum value SW2 is greater than the second 
threshold S2, then the corresponding edge is not addeojpi 1 to the partition. 

When, however, the second sum value SW2 is not greater then the 
second threshold S2, then a further check is carried out for the at least one 
remaining edge to see whether a plurality of edges that were taken into 
consideration in the formation of the second sum value SW2 and that are 
coupled to edges that were not taken into consideration in the formation of 
the second sum value SW2 is smaller than a plurality of edges of the 
partition that are couple<^Jr12 to the remaining edges. 

As can be seen, this comparison corresponds to the plurality of 
"section points" of every partition with another partition or, respectively, with 
another element of the electrical circuit as well that is not contained in a 
partition or, respectively, with a central control unit(^es^ribed late[)[stc}:' 

When, as can be seen, the number of terminals for each partition thus 
becomes greater - by adding the at least one remaining edge - then the 
plurality of terminals of the partition that already previously existed, then the 



corresponding edge is not adde When, however, the new plurality of 

terminals has been reduced, then the corresponding, remaining edge is 
adde^^ to the partition. For this case, further, the first sum value SW1 for 
the next iteration of the second iteration loop is occupied with the value of the 
second sum value SW2. 

The second iteration loop is implemented for an arbitrarily 
prescribable plurality of remaining edges. It is likewise provided in a 



development of the method to simply employ the information as to whether 
all remaining edges have been taken into consideration in the second 
iteration loop as abort criterion for the second iteration loop. When this is the 
case, then the second iteration loop is ended in this development. After 
abort or, respectively, conclusion of the second iteration loop, the partition 
that was formed in the last iteration of the second iteration loop is employed 
116 as partition of the electrical circuit. 

Upon employment of the original description of the electrical circuit, 
for example in the circuit description language SPICE, the partition is imaged 
into a syntax to be further-processed for the computer, for example again in 
the circuit description language SPICE. In this imaging, the information of 
the respective partition for the respective element of the electrical circuit is 
taken into consideration, for example, by marking the respective element. 

As a result of this back-imagingzu1 (see Figure 2), thus, a list with the 
circuit elements of the electrical circuit as well as with the couplings and the 
respective indication of the partition to which the respective element was 
allocated in turn arises for the specific cases of employing the circuit 
description language SPICE. 

It is advantageous in a development of the method to implement this 
method for an arbitrary number of partitions, i.e. the electrical circuit is sub- 
divided into an arbitrary plurality of partitions. Given this development, 
partition-specific lists with the elements of the electrical circuit in the circuit 
description language SPICE arise 202 according to the plurality of partitions 
formed. A parallelization of the circuit simulation of the electrical circuit that 
is advantageous in a development of the method is now achieved in that the 
electrical descriptive quantities for the elements of the electrical circuit are 
separately identified for each partition, whereby at least a part of the 
partitions can be processed in parallel on a plurality of computers and/or 
processors. This corresponds to a parallelization of the circuit simulation. 

It is also provided in a development of the method to allocate a 
common weighting value to a plurality of edges of the graph. The required 
calculating outlay is reduced as a result of this procedure. 
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Methods for parallelized circuit simulation on distributed processors 
or, respectively, distributed computers are known, for example, from the 
document [2] and [3]. These can be applied without limitation to the 
partitions formed by the method. 

It is also provided in a development of the method to centrally control 
the parallel processing of the partitions via a central control unit ZS. This 
means, for example, that the communication of the individual partitions in the 
method of the circuit simulation as described in documents [2] and [3], i.e. 
the communication of data ensues only between the central control unit ZS 
and the part of the partitions that is centrally controlled. 

Figure 2 symbolically shows the parallelized processing by a plurality 
of SPICE data files SPICE.1, SPICE.2, SP1CE.3 through SPICE.N. The 
individual descriptions of the partitions are contained in these SPICE data 
files in the circuit description language SPICE. 

A circuit simulation is implemented 203 for the respective partition, for 
example centrally controlled by the central control unit ZS. 

It is also provided in a development of the method to additionally 
allocate a voltage source at least to a part of the terminals of the respective 
partition that is processed in the framework of the parallelized circuit 
simulation, a corresponding value being respectively allocated to this 
additional voltage source by the central control unit ZS in the framework of 
the known method. In order to assure the convergence of the iterative 
method from document [2] and [3], it is advantageous to additionally provide 
a resistor at least at a part of the terminals of the respective partitions, the 
value of said resistor being dynamically adapted by the control unit ZS. 
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